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Diabetic neuropathy is the most common neuropathy and is associated with a wide range of clinical manifestations. It tends to occur after 50 years of age, and mostly in patients with long-standing diabetes mellitus.\[[@ref1]\] It results from microvascular injury involving small blood vessels that supply nerves , but macrovascular pathogenesis is also involved.\[[@ref2]\] The pathogenesis of sensorimotor neuropathy in diabetes mellitus type 2 is multifactorial and related metabolic disturbances, such as hyperglycemia, dyslipidemia, oxidative and nitrosative stress, and growth factor deficiency all contribute to the development of this complication.\[[@ref3]\] Several metabolic products, such as advanced glycated end products, activation of protein kinase C enzyme, and sorbitol aldose reductase (polyol) pathway flux are claimed to have a role in pathogenesis of neuropathy.\[[@ref4]\]

Dyslipidemia is a significant contributor to the development of diabetic neuropathy *via* inducing oxidative stress in root ganglia sensory neurons.\[[@ref5][@ref6]\] Fujita *et al*. reported that short-term glycemic control in patients with type 2 diabetes mellitus can improve vibratory sensation, metabolic changes in glucose and lipids (total cholesterol, triglyceride, and free fatty acids) being the factors responsible for impairment of peripheral nerve function.\[[@ref7]\] On the other hand, a previous study showed that there was no significant difference in serum cholesterol of type 2 diabetic patients with negative and positive sensorimotor neuropathy.\[[@ref8]\] Atherogenic lipid indices including total cholesterol/high-density lipoprotein cholesterol, low-density lipoprotein--cholesterol, triglycerides/high-density lipoprotein and other ratios are predictors for atherosclerosis in type 2 diabetes mellitus but not for neuropathy.\[[@ref9][@ref10]\]

This study aimed to explore the status of some atherogenic lipid indices in type 2 diabetes neuropathy assessed by neuropathy total symptom score (NTSS), neuropathy impairment score in the lower leg (NIS-LL), and electrophysiological studies of sensory and motor nerves.
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This study was conducted in the Unit of Neurophysiology, the University Hospital of Medical College, Al-Nahrin University in Baghdad, Iraq, from January 2002 to January 2003. The study is approved by the local scientific committee of Medical College, Al-Nahrin University. A consent form was obtained from each participant prior to the study. A total number of 51 patients with a history of type 2 diabetes mellitus, presenting with subjective symptoms of peripheral neuropathy, as well as 31 healthy subjects, serving as control, were enrolled in the study.

Each patient and subject was clinically examined and the severity as well as the functional impairment were assessed using neuropathy total symptom score (NTSS)\[[@ref11]\] and neuropathy impairment score in the lower leg (NIS-LL).\[[@ref12]\]

Neuropathy total symptom score is a questionnaire that measures the frequency and intensity of numbness, pickling, aching pain, burning pain, lacinating pain, and allodynia). In this measure, the symptom frequency is graded as occasional, frequent, and continuous while the symptom intensity is graded as absent, slight, moderate, and severe. Therefore, the score ranged between 0 (absent symptom) and 3.66 (severe continuous symptom).

The neuropathy impairment score in lower limbs has 14 items and evaluates the muscle power, reflexes, and sensory modalities. The total score ranged between 0 and 88 points. The age factor is considered in scoring the reflexes using NTSS.

Electrophysiological measurements, using DANTEC counterpoint clinical four-channel electromyography system, included nerve conduction velocity, minimum F-wave latency and sensory refractory period. The electrophysiological study of sensory (ulnar and sural) and motor (ulnar and common peroneal nerves were assessed.

None of participants was used lipid lowering agents, and patients with hypertension were on angiotensin converting enzyme inhibitors).

A fasting venous blood sample were obtained from participants and sera were separated for determination of glucose and lipid profile, including serum total cholesterol (TC), triglycerides (TG), and high-density lipoprotein--cholesterol (HDL--c). Very low--density lipoprotein is equal to 1/5 TG level and the LDL--c is calculated according to the Friedewald equation {LDL = TC -- (HDL + VLDL)}. The following atherogenic lipid indices were calculated: (TC -- HDL--c)/HDL, LDL/HDL, and log (TG/HDL).The later represented small dense LDL particles.

Statistical analysis {#sec2-1}
--------------------

The results were analyzed using Excel 2003. The results are presented as number, percent, odds ratio, and mean ± SE. The data were analyzed using two-tailed unpaired Student\'s *t* test, difference between percentages test and simple correlation test taking *P* ≤ 0.05 as the lowest limit of significance.
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[Table 1](#T1){ref-type="table"} shows the characteristics of the study participants. There is nonsignificant difference (*P* \> 0.05) between nondiabetic and diabetic groups regarding the age. A history of high blood pressure was significantly reported more often in the diabetic group compared with nondiabetic participants (50.9% vs 22.6%, respectively, *P* \< 0.01). Fasting serum glucose and duration of illness of diabetic patients at the time of the study were ranged from 115 to 360 mg/dL and 3 months to 23 years, respectively. Forty-six out of 51 diabetics scored TSS (maximum score was 11.32) compared with 5 out of 31 healthy individuals (maximum score was 4.66) (odds ratio 47.8), and 39 out of 51 diabetics scored NIS-LL (maximum score was 28) compare with 3 out of 31 healthy individuals (maximum score was 9.7) (odds ratio 30.33).
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[Table 2](#T2){ref-type="table"} shows the electrophysiological study of sensory component of ulnar nerve and sural nerve. The means of amplitude (29.37 ± 2.789 μV) and conduction velocity (44.38 ± 1.114 m/s) of ulnar nerve impulse among diabetics were significantly (*P* \< 0.01) less than those observed with healthy individuals (42.07 ± 3.250 μV and 48.34±0.93 m/s, respectively). The minimum value of refractory period of ulnar nerve impulse was significantly prolonged among diabetics compared with healthy participants (1.508 ± 0.034 vs 1.34 ± 0.038 ms, respectively, *P* \< 0.01). The significant changes in the electrophysiological study; decreased conduction velocity (41.4 ± 0.940 vs 46.55 ± 0.902 m/s, *P* \< 0.001); and prolonged the minimum refractory period (1.523 ± 0.047 vs 1.320 ± 0.035 ms, *P* \< 0.01) of sural nerve were observed \[[Table 2](#T2){ref-type="table"}\].
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Electrophysiological findings of sensory nerves (ulnar and sural) in patients with type 2 diabetes mellitus compared with nondiabetic subjects
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The significant changes in terms of decreased conduction velocity and prolonged of minimum F latency were observed in both motor component of ulnar nerve and common peroneal nerve in diabetic patients compared with healthy individuals \[[Table 3](#T3){ref-type="table"}\]. The prolonged distal motor latency (3.22 ± 0.071 ms) and the reduction in the amplitude of nerve impulse (5.75 ± 0.274 μV) were significantly (*P* \< 0.001) observed in motor component of ulnar nerve.
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Electrophysiological findings of motor nerves (ulnar and common peroneal) in patients with type 2 diabetes mellitus compared with nondiabetic subjects
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Although the changes in the lipid profile were in terms of high serum TC, triglycerides, LDL--c, and VLDL in diabetic patients, they did not reach to a statistically significant level \[[Table 4](#T4){ref-type="table"}\]. The significant decrease in serum HDL--c in diabetic patients was an approximated 14% of mean healthy participants, was observed. Significantly high values of atherogenic lipid ratios were observed in diabetic patients compared with healthy participants \[[Table 4](#T4){ref-type="table"}\].
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Fasting serum lipid profile and atherogenic lipid ratios
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The results reported in this study revealed the existence of disturbances in lipid metabolism in type 2 diabetic patients presented with peripheral neuropathy.

The significant high ratios of atherogenicity in diabetic patients compared with healthy subjects explained the significant high frequency of diabetics having high blood pressure. This observation is in agreement with Shera *et al*., who reported the association of microvascular complications with hypertension.\[[@ref1]\]

Neuropathic pain and other symptoms occur in about 6%--7% of the general population and this explains the scoring of NTSS and NIC--LL in healthy subjects. The nerve conduction study revealed a significant decrease in conduction velocities of both sensory and motor nerves and prolonged the minimum refractory periods of sensory nerves and minimum F-wave latency of motor nerves. These findings are commonly observed in clinical practice in diabetic patients. It is important to mention here that using of multivitamins, including vitamin B12 as over-the-counter drugs may alter the nerve conduction study. Previous studies showed that vitamins may reverse the symptoms and pathophysiology of diabetic neuropathy.\[[@ref13]\] Moreover, patients on oral hypoglycemic agents notably metformin may develop vitamin B12 deficiency\[[@ref14]\] and vitamin B12 is effective in alleviating the symptoms of neuropathy.\[[@ref15]\]

The patterns of lipid profile as well as the atherogenic lipid ratios reported in this study were in agreement with earlier and current studies. Abdul-Ghani *et al*. reported significant association of metabolic syndrome (TG and HDL--c contributed in metabolic syndrome criteria) in type 2 diabetes mellitus with a high risk (odds ratio 1.77) of neuropathy,\[[@ref16]\] while serum cholesterol did not differ in diabetic patients with neuropathy compared with those without neuropathy.\[[@ref8]\] Moreover, Agrawal *et al*. found that neuropathy did not have any significant correlation with lipid profile abnormalities in type 2 diabetes mellitus.\[[@ref17]\] It is unlikely that the observed results are related to the medications because none of our patients received lipid lowering agents and the concomitant use of angiotensin converting enzyme inhibitors did not alter the electrophysiological properties and lipid profile.

Diabetic peripheral neuropathy as well as diabetic autonomic neuropathy did not correlate with lipid profile.\[[@ref18]\] The significant high Log(TG/HDL--c) ratio, which indicates the presence of small-density low-density lipoprotein may herald the existence of atherosclerosis. Shoji *et al*.\[[@ref19]\] demonstrated high levels of small dense, low-density lipoprotein in patients with type 2 diabetes mellitus and it can be used as marker in the risk assessment for atherosclerosis. Therefore, the lipid profiles are not adequate in studying the metabolic disturbances in type 2 diabetes mellitus and should be supplemented with determination of atheogenic lipid ratios, which explore the hidden atherosclerosis. The findings of this study reinforce an important message to clinicians to assess the lipid profile , including lipid ratios and Log(TG/HDL--c) ratio and evaluate for , preclinical atherosclerosis in diabetic patients who complain of neuropathic signs and symptoms.

We conclude that metabolic lipid disturbances in terms of atherogenicity co-exists with neuropathy in type 2 diabetes mellitus despite duration of disease and is a useful marker for preclinical atherosclerosis. Therefore, each diabetic neuropathy patient need to be investigated thoroughly.
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